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SUMMARY 

A brief revicw on the role of the hea1 shock pro1eíns 
(hsp), theircommon properties and possibleconsequcnces 
forearly pregnancydevelopment isdescribed. The 60kO 
hsp plays an imporram role as immunogenic antigen of 
manymicrobial pathogens and possibly in postinfeccious 
autoimmuniry. The immunc rcsponce 10 hspmaycause 
pregnancy failure. The consequences of previous 
sensitization to microbial hsp and rhe effccts ofhuman 
autoamibodies 10 hsp. are demonscraced in a mousc 
embryoculrure model. 

Key words: 60kD hcat shock proteins. embryo 
development, reproductive failure, preimplanracion mouse 
embryo. 

RESUMO 

Foi feicn nesr~ rraba/110 uma rápit/a revisão do papel das hear 
shock proteínas (hsp). s11,u propriedades mais comuns e suas 
possíveis co11seqUências para o dese11volvi111e1110 da gravidez tm 
fase i11ici,tL As hsp 60 dest111pe11/1a111 um sig11ificntivo pap<'I 
como fator imrmogênico de muitos microrganismos e possivel
mente rambtm nos problemas de auro-im1111idade pós-infeccio
sas. A resposta irr11111ol6gica às hsp pode estar envolvida com 
i11s11cesws da gravidez. Foram descritos em modclos de culr uras 
de embriões dt camundongos as conseqüências dn seruibilizaçilo 
prévia com hsp microbianas e os efeiros dos au10-a111icorpos 
humanos a esras hsp. 

U nitermos: Heatshock proi,illas 60kO, desmvolvimento do 
embrião, falha de reproducão, pré-implantação de embriões de 
cn1111111do11go. 
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INTRODUCTION 

When cells are subjected 10 physiological stress they 
increase the production of a group of proceins called heat 
shock pro1eins (hsp). Hsp help bacrerial, fungai and 
marnmaliancellsrosurviveadv~environmemalcondiàons 
by preveming protein denaruration. The physiological and 
pathological significance ofhsp is cnormous and has been 
studiedwidelyovcrthclastdecade.lnthisreportwedcscribe 
1he basic principies ofimmuncsensitizaàon to hsp. Possible 
implications ofimmune sensitizaàon to hsp for reproductive 
ourcomc in womcn are presemed. 

HISTORJCALASPECTS OF HEAT SHOCK 
PROTEJNS 

lndicators of a cell ular hear shock response were first 
discovcrcd more than 36 years ago, when Rirossa and 
coworkers described in 1962 the phenomenon of puffing 
in salivary glands chromosomes of the frui! íly Drosophila 
melanogasrer after exposure to heat' . Nor many people 
100k notice of this observation and i1 was no1 unril 12 
years la ter chal rhc first gene products of thismorphologicai 
puffing parrern were idenrified and the tcrm "heat shock 
pro1ei ns" was creared' . Today the genes coding for thcse 
proreins havc been sequenced, theirscruccu re described, 
1heír chromosomal location defined, and their mode of 
imeraction with nuclear hea1 shock cranscription fac1ors 
characterixed'. Studies involving Lhe. role ofhsp in basic 
and applied clinicai medicine are numerous and involve 
almost evc.ry medical field includlng oncology. 
immunologyand infectiousdiseases. Orugs modularíng 
the total hsp exprcssion (thus protecting integriry and 
homeostasis of cellsand tissues) are currencly in phase2 
clinicai triai'-'. Preliminary resulls suggcst thar thcse 
novel drugs migh1 gain new and importam therapeutic 
applications in the future. 

COMMON PROPERTJES OF HEA T SHOCK 
PROTEINS 

ln the following paragraph a numberofcrucial characte
ristics that de.fine this group of pro1eins are summarized. 
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!11diu1tors of 

1. Ali organisms studied ranging from 
prokaryotic bac1cría 10 mammals. 
including man, rcspond 10 an 
increasein1empe,rarurebyswi1ching 
off the synthesis of most proceins 

a cel/u/ar heat sbock 
response werefi,~t 
discovered more 

tban 36yearsago. 

bactcrial and human hsp are highly 
conserved proreins and share 
approximacely a 50% amino acid 
sequence homology" . it has been 

and commencing large-sca le 
synthesis of a few heat shock proceins. Even 
chcrmophilic organisms, whose oprima! growth 
cemperacure lies betwcen SO"C and 90"C respond to 
sudden tempera cure increase with theovcr-expression 
ofhsp. 

2. This cype of cellu lar response has not very much 
changed durí ng evolution. The induced hsps are vc.ry 
simi lar 10 one another in very differem orgaoisms 
(the.ir struccure has been conserved) and they share a 
high levei of amino-acid homology. 

3. Thehighconservation betwcenverydiversespecies bas 
importanc implications for autoimmunediseases. 

4. Hsp serve rwo major functions. First, under 
physiologica l cond itions. they function as mole
cular chaperones (intraceJlular housekeeping 
proteins) which are involvcd in mediacing t he 
folding of othcr imracellular proteins (and in 
some cases thei r assembly i n to oligomeric 
srructures). ln addition, they have crucial roles in 
che prevencion of inappropriate protein 
associations and premature folding, intracellular 
transport, maimenance of proteins in an inacrive 
form and protein degrada1ion . Second, they are 
syothesized in response toa wide variety of celluJar 
inju ri es which include changes in 1emperacure 
but also 01her circumsrances like the presence of 
frcc oxygen radicais. virai infeccions, heavy mecals, 
ethanol, and ischemia or reperfusion injury. 

5. Heat shock proteins are classiíied by thcir molecular 
weight (in kilo Dalton, kD) racher than by their 
funcrion. 

THE 60 KO HUMAN HEAT SHOCK PROTEINS 
(HSP60) 

Thc 60k0 heat shock proteins is one of the best
characterized molecu lar chaperones of both eukaryoric 
and prokaryoticorganisms. The major properties ofhsp60 
are delineated in Table 1. Srudies have revealcd thar 
members of the hsp60 family of hcat shock proteins are 
dominam antigens of many pathogenic microorganisms 
such as Escherichia coli, Salmonella spp. • and Chlamydia 
trachomatis' . rhe most common pathogen associated 
wich rubal inferrility. For more examples of hsp 
involvemem in infeccions see Table 2. 

HSP60 ANO POSTINFECTIOUS 
AUTOIMMUNJTY- POSSIBLE CONSEQUENCES 
FOR EAJU Y PREGNANCY 

Bacterial hsp60 is highly immunogenic in man". 
Typically, during thecourse ofan acure infection i mmuruty 
isrestrícted 10 hsp60epi1opes (antigenicregions) thatare 
specific co the invading microorganism. However, since 

proposed 1ha1 a prolonged or rcpeated 
baccerial infection can trigger 

immunity 10 conserved hsp60 epiropes thar are also 
expressed in man ''-16• This wou ld resultin autoimmunicy 
to human (sclf) heat shock proteins. As a consequence 
of microbe-induced hsp60 autoimmunicy the 
developmentofearly human pregnancy may be inhibited. 

Table 1 

Prope rtics of che 60kO fa_,n ily of' 
heac sh ock pro t e ins 

1. Dc1C<:t2blc ln ali eukaryotic and prokary,>tlc orgarnsms 
2. ~núaJ chapcronc procc.ins lnvolved in rranspon. foldmgand 

assembly of protein subunit-s 
3. Productíon i.s elcvatcd ln respon.sc to cnvironmemal sucss 

fatcOfS in ordcr co minimi:f! pro1cin dcnaturation 
4. Highly conscrvcd amJno add sequencc chl'Oughout C\'Oluúon. 

The hum.an and bacrcrlal pro<cins sh1J.te a sequc1lCe homology 
of approximatcly 50% 

5. lmmuo~ responscs 1ocon.served reg:ionsoíheatshoc.k protcins 
h:1vc bccn implic.u.ed in auioimmunity 

Table2 

Examples for h eac s h ock p rotein 
invo lve m.e n t dur ing vi ra .l . bac·tedal. 

fung a.l and proto zoan infec-c io n s 

Pa1hogcn Type oíHsp Discue Refcrenct" 

HIV Hsp70 Aids 8 
M. ruberculosis Hsp60 &70 Tubcrculosls 9 
T. pallldum Hsp60 Syphllls 10 
N. menlnglddls Hsp60 Meningius li 
C. albia:ns Hsp90 Candidosis 12 
T. cruzi Hsp90 Chagas Dis..sc 13 

M, mbffailo..lt, MY'"obxrfflum 1ub«-rcul01i•: T, palUdum, Trcpcmem,, 
pallldum.1 N. rntt1inghld:l1. Nduerb meninahlietl,: C. t.lbkan•. C..Odida. 
;dbianr. T. m1:z.i, Trypanosoma tnui, 

Many couplcs with fercility problems, especially 
womcn wi eh occl uded fallopian ru bes, have had a 
persistem and "'si lem" C. trachomatis genital trace 
infeccion 17•11• Thus, conditions favorable to hsp60 
aucoimmunitymay have been presem. Heatshock proreins 
are also among the first pro1eins produced during 
embryogenesis and are essencial for embryo 
dcveJopmcnr19.l0,21 • ln addition, heat shock proteins are 
specifical ly expresscd in che human endometrium 
rhroughouc the menstrual cycle and during the 
pos1ovulatory iroplantation phase" . Hsp60 expression 
i n rhe human decídua at 7 -11 weeks ges1ation has been 
identi fied2u•, thus representing a potencial targettissue 
for crossreaccing antibodies and a source of hsp60 
capable of re-accivating hsp60-sensitized lymphocytes. 
A murine hybridoma spccific for mammalian hsp60was 
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shown 10 reac1 wi th the surface of 
murine and human trophoblast, 
suggesting surface hsp60 expression 
by these cells as well25. 

Bacterial 
bsp60 

isbigb!y The resul rs (Table 4) indkated rhat 
serum JgG an1ibodies to the human 
60kO hca1 shock proccin wcre 
significantly (p=0.004) morecommon 

i1n1nr111ogenic 
/11111Clll. 

A possible model for impairmencof 
early-s1age pregnancy alter immune 
sensirizacion to conservcd regions of che C. crachomatis 
hsp60 has been outlincd previously26 and is swnmarizcd 
in Table3. 

Table3 

Suggest.cd mechanism o f h sp60 
immune mediated pregnan cy fail.u re • 

J. ,, persisu:.nt infcct:lon (c.g., Chl.amydia crachomatis) sensiti:zes 
a woman to hsp60 rcgions prcscnt in both microbcs and man 

2. Human (host) lup60 is physlologically ,xprcsscd during lh• 
prc,.. and pe.ri•irnplanradon srnges of prcgn:mcy by 1hc cmbryo 
.ind rhc maternal decidu~ 

3. Host h5J)60oxpn.,ssion in emy pn,gnancy r=tivates lymphocytes 
previously sensitizcd ,o microbial (c.g .. chlamydial) hsp60 

4. Thc actlvatcd lymphocytes rclcasc pro-inílamma1orycytoklnes, 
which inducealso otherlymphojdcclls ro rclea54!' inOammatory 
and cytotoxíc medünors 

S. CeUular and humor.,J irnmunc sysrcrn netivation disturbs 
1mmune reguJatoty mechanisins necessary toimplan1atlon and 
malntenance oí thc scmi-allogenelc embryo 

6. Altcrrunivcly a still presem. but inapparcnt persistem míaobi:aJ 
lnfection b<com•s reactivatcd during as• rcsult oí prcg,uncy 
induc«l in,mun~ aht111tfons 

• modlOtd from ().5). 

However, the precise mechanism of hsp60-related 
ímmunopathogenesis during pregnancy remaíns 
unproven. The direct impairment of fctal dcvelopmem 
and/or fetal or maternal cell víabíl iry by anrí-hsp60 
antibodics or scnsirizcd lymphocy1cs, or imerfereoce 
withimmuneregulacorymechanismsnecessarycoprevent 
rejecüon.ofthe semi-allogeneric ernbryo, may induce 
carly stage pregnancy loss. 

HSP60 ANO 1N VITRO FERTILIZATION (IVF) 
OtrrCOME 

Womcn undergoíng IVF with cvidenceoflocal cervical 
immunity 10 the Chlamydia rrachomatis hsp60 had an 
increascdprevalenceofunsuccessfulourcomeascompared 
to antibody negative women11• ln addirion, there was a 
relation be1wcen cervical IgA ancibodies to a conscrved 
hsp60epitopeexpressed in both the humanandchlamydial 
proreins and the failure of succcssful implantation alter 
embryo transfer in IVF patients26. ln orher infcrriliry 
paticncs who werc not undergoing IVF ccrvical lgA anci
human hsp60 was shown co be assocíarcd wích n history 
of recurrent spontaneousabortion26• Thesedara i mplícaced 
a genital trace immune response roconservcd rcgions of 
hsp60 wich early siage pregnancy loss. To further 
elucidace 1he possíblc contribucion of anci-hsp60 
antibodies to reproductive failure we determined the 
prevalenccofancibodiesto che human hsp60 in mater
nal serum of pacients undergoing inferrilíty treatme.nc. 
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in paciencs with arresced in vitro 
ernbryo deveJopmem than ín IVF 

patienrs whose embryos continued to grow and were 
rransferrcd 10 the urerus. 

Table4 

R e.lacion becween c ir-culati n g 
lgC a n tibodies to h s p60 

and fVF o u ccome 

IVF ouccome No. subjeas No. Hsp60· (%) 

No fcniliz;;acion 14 1 (7. 1) 
An·estcd embryo dcvclcpmcnt 13 6 (46.2)' 
Embryo mtnsftr 

Nol prcgnant 75 7(9.3) 
l'rtgn.'lnl 53 9 ( 17.0) 

Stn (rom 155 WOfflffi wtr"' tntrd. • p • 0,004 •• all otbu• 

MOUSEINVITROEMBRYOSTUOIES 

Mos e recemly, we have ínvescigated rhe dírect effect of 
ancíbodies ro the mammalían hsp60 on mouse embryo 
development in vitro. Six to eight week old mice (strain 
86O2Fl) weresuperovulatcd byintraperi1oneal injeaions 
of pregnam mare serum gonadorropin. Alter maüng, 
females cxhibiring copulation pi ugs wcre sacri ficed and 
cwo-cell embryos were flushcd from the ovíducts. A total 
of249 embryos werc transfcrred towellsof cissucculrure 
piares containing either RPMI 1640 culrure medi um and 
l 0% fecal caJf sera (complete medi um, orcomplece medi um 
plus I OOmg/ml of a mo.nocional ancibody co mammal ian 
hsp60 (SPA 806. StressGen, Victoria, B.C.) o r purified 
mouse lgG1 (1 OOmg/ml) as conrrol. Embryodevelopmenr 
was evaluated microscopically after 3,5 and 7 days in 
culture and che numberofblasrocyscs, ha1ched blasrocyscs 
and outgrown trophoblascs was derermined. 

Tabl eS 

l n vicro developmenc of mouse 
e mbryos i n the pre..sencc of 

monoclonal antibodies co .rna.nunalian 
60.kO heac s h ock proteins 

Antibody No. tes,cd No. dcv<loped/Totol no. <x:unincd ('li,) 
D•y 3• o.y s• Day 7' 

None 
lgG

1 
Hsp60 

112 
62 
75 

80 (72) 
49 (79) 
22 (29)' 

79 (71) 
45 (73) 
16 (21)' 

·blutocy" tr•ft:"tu1c-hcd blanOC')''l IUIV,'OUtjrvwth; 
• P<0.0001 'f:t' lgGt. 

79 (71) 
41 (66) 

21 (28)' 

lndusion of anti-hsp60 antibodyto theculrure medi um 
inhibíccd embryo developmenr at each time period 
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examined. Arday 3. on ly 29% (22/75) 
of the embryos culrurcd with this 
antibody reached lhe blasrocyst stagc 
as compared with 72% (80/112) of 
embryosculcured in mediumand 79% 

Hsp60 
ispredomíncttely 

presem 
wíthin 

mftochondria. 

co macromolecules. Molecules up to 
170k0a have been shown 10 pencrrare 
chrough the zona pellucida of 
poscovulared mouse oocyres'°. ln 

( 49/62) cultured in medium plus 
mouse lgG, (p<0.0001). Onday 5, hacched embryoswere 
presem in 21 % ( 16/75) of culcures coma.ining anci
hsp60, 71 % (79/112) of culcures containing media 
(p<0.0001) and 73% (45/62) ofculturesconta.ining lgG, . 
At day 7. oucgrown crophoblas1 were observed in 28% 
(21/75) ofcuhuresconta.ininganci-hsp60, 71 % (79/11 7} 
comainingmediaand 66% (41/62) ofculcureswilh lgG

1 
(p<0.0001). These resulcsaresummarized in Table 5. 

DISCUSSION 

During lhepreimplantation srageof mammalian embryo 
developmenr many rapid changesoccur. After formacion of 
the zygo1e lhe genome of lhe cmbryo becomes activated 
and assumes concrol of subsequenr cell division and 
differentiation. Hsp60expression has been demonstrated 
inmouseembryosatthisearlystage"'.Heatshockproreins 
gene expression occurs in 2-cell embryos concurrem wilh 
lhe onset of zygo1egcne activation ,,.,,,_ Gene transcription 
fora 70k0 hea1shock pro1eins may be initiated even earlier 
at lhe 1-cell s tagc'' . 

Hsp60 is predominately presenrwithin mitochondria. 
However hsp60 expression a1 olher sites has been 
consistenrly observed. Recenc immuno-electron 
microscopic localization scudies of hsp60 revealed, lha1 
in adclition to rhe above mencioned micochondrial 
localization, 15-20% of lhe roca! hsp60 was presenc ac 
discre1e excra-mi1ochondrial sites including 1he cell 
surfaceu . Heat shock prornins are also found on che cell 
surface of tumor cells where chey elicit an antitumor 
immune response"'. 

ln ourmouse model, anti-hsp60 antibodies exhibited a 
decrimentaleffectoninvirromouseembryodevelopment. 
The mechanism(s) of anti-hsp60 inhibition of mouse · 
embryodevelopmem in vitro iscomplerely unknown. Toe 
zona pell ucidaof mouseoocytesandzygoces is permeable 
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medi um containing maternal sera the effect of serum 
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are now i n progress . 

ln conclusion chese resul1s suggest chata lacesequelae 
ofa persis1enrorchronicgenical cract infection maybe the 
developmentofimmunesensitizacioncoconservedepicopes 
of hsp60. This evem might compromise che success of 
subsequenc natural or assisted fertility att.empcs. 
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